The authentication of food products is of the outermost importance for the food 53 industry, not only for economical but also for health safety reasons (Abbas, Zadravec, 54 Baeten, Mikuš, Lešić, et al., 2018) . Food fraud is a long-term practice that has become a 55 global public health and economical problem. Recent rises in these practices have been 56 observed by the increase in the complexity in the food supply chain, getting from local 57 to global dimension and linked with the motivation to provide cheaper and high quality 58
food products (King, et al., 2017) . The National Sanitation Foundation (NSF) has 59 recently estimated that food fraud practices set up for the industry an annual cost of 60 above 49 billion dollars worldwide (NSF, 2017) . Although there is no a specific and 61 harmonised definition for food fraud, it is broadly accepted that it is committed by an 62 intentional violation of food law to obtain financial gain resulting in consumer's health 63 risk and deception (Commission, 2017 intellectual property infringement of trademarks, denomination of origin and/or 78 geographical indications. Although most of food frauds are not potentially harmful for 79 consumers, some of them could represent a public health risk (Weng & Neethirajan, 80 2017 ). Thus, food producers must ensure that all consumers are given comprehensive 81 information on ingredients in the product label, making easier for citizens with food 82 allergies or intolerances to identify ingredients to avoid (FALCPA, 2004) . Figure 2  83 shows that hardly 68% of all food fraud cases in 2016 were reported in animal and 84 vegetable food products with high fat content (27% meat, 13% fish, 11% fats and oils, 85 10% milk and milk products, 4% nuts, nut products and seeds and, finally, 3% animal 86 by-products) (Commission, 2016) . Agency (FSA) reported in 2015 a warning recall of commercial palm oil by its content 92 in the potentially genotoxic and carcinogenic red dye known as Sudan IV, (FSA, 2015) . 93 Some cases were also reported in the United States. For instance, 1,500 lbs of whole, 94 young chicken were retired by their contamination by veterinary drugs (nitrofurazone) 95 in 2017 (Landburg & Fodevarer, 2017) . In India, milk, khoya and edible oils have been 96 adulterated (Sarda, 2017) . Zhang and Xue recently analysed 1553 media reports of food 97 frauds in China reporting that animal food products including meat, fish, seafood and 98 dairy products (38%), cooking oils (5%) and nuts and seeds (2%) are highly susceptible 99 to adulterations (Zhang & Xue, 2016) . Hence, authorities are required to be able to asses 100 the authenticity of a suspect food products regarding the legal product description to M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT detect fraudulent processing features, preventing adulteration and controlling those 102 practices which may mislead the consumer, such as mislabelling of geographical origin 103 or composition of the product (Abbas, et al., 2018; Weng & Neethirajan, 2017) . 104
The aim of this study is to provide an overview of the currently available tools 105 for the authentication of animal and vegetable food products with high fat content 106 (meat, fish, dairy products, vegetable oils and nuts), emphasizing the use of analytical 107 techniques combined with multivariate analysis. These strategies result in improving the 108 control in the food processing technologies by providing more informative results and 109 increasing the reliability of foodstuff specifications as compared to using a single 110 analytical technique. In this review, the most significant analytical methods using 111 chromatography, spectroscopy and DNA techniques, among others, have been reported 112 as successful in food authentication. However, the reported work is mainly focused on 113 research with no much information about the implementation of these strategies by food 114 industry for routine analysis since the validation, costs and availability of 115 instrumentation must be considered. 116 117 2.
Authentication of animal fat food products. 118
Meat food products. 119
Consumers require clear and reliable information about meat products that must be 120 detailed in labelling in accordance with the applicable laws and regulations. This 121 requirement has a great impact on food industry since the consumer's choice is greatly 122 influenced by the food composition (Iammarino, Marino, & Albenzio, 2017) . However, 123 some fraudulent practices in the meat industry have been identified: a) Origin 124 authentication of meat and the animal feeding regime (as in the case of certified regional 125 products); b) substitution of meat ingredients by other animal species, i.e. tissues, fat or M A N U S C R I P T
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proteins; c) modification of the processing methods; and d) addition of non-meat 127 components, such as water or additives (Sentandreu & Sentandreu, 2014 category with confidence intervals higher than 95% was carried out to detect possible 143 outliers. The total information obtained for each sample was not used for data treatment; 144 just the selection of significant markers was used, which are dependent on the type of 145 column used in the chromatography study: in polar columns octanal or nonanal were 146 used while in non-polar columns the main markers were octan-2-one and trans-2-147 octenal. 100% of all ham samples were correctly classified, including individual signals 148 from their topographic plot samples. In general terms, the combination of 149 chromatographic methods with mass spectrometry detection allows the simultaneous 150 M A N U S C R I P T determination of multiple analytes showing great potential for authentication in meat  151 products, such as bolognese sauce (Prandi, et al., 2017) . 152 DNA-based methods, mainly polymerase chain reaction (PCR), are increasing their 153 use for the determination of the origin and quality of meat products (Kaltenbrunner, 154 Hochegger, & Cichna-Markl, 2018; Prusakova, et al., 2018; Yalçınkaya, Yumbul, 155 Mozioğlu, & Akgoz, 2017). However, these methods are time-consuming, laborious and 156 require costly chemicals (Kumar & Chandrakant Karne, 2017) . Thus, alternative 157 analytical techniques in combination with chemometric methods have been developed. 158
In this sense, the potential of laser induced breakdown spectroscopy (LIBS) combined 159 with PCA and partial least squares (PLS) methods has been evaluated as a rapid in-situ 160 method to identify meat species in the 350-889 nm spectral region (Bilge, Velioglu, 161 Sezer, Eseller, & Boyaci, 2016). Copper has been used for detecting adulteration of beef 162 meat by the addition of beef liver, using the copper content as an indicator of the quality 163 of meat (Casado-Gavalda, et al., 2017). 164
The evaluation of adulteration in meat products can be also based on the use of 165 biosensors for detection of toxins and foodborne pathogens (Inbaraj & Chen, 2016) . The 166 haemoglobin present in blood was selectively adsorbed by graphene oxide particles 167 functionalized with amylopectin and was detected by direct internal extractive 168 electrospray ionization mass spectrometry (iEESI-MS) (Song, et al., 2017) . Gold 169 nanoparticles have been also used to develop a rapid immunosensor test to detect low 170 levels of pork adulteration in beef meatballs using anti-Swine IgG polyclonal antibodies 171 (Kuswandi, Gani, & Ahmad, 2017) . All these examples are indicative of the potential 172 use of nanotechnology to improve detection of frauds in meat products when used in 173 combination with chemometric tools.
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The addition of salts to increase the water holding capacity of meat is also a 175 fraudulent practice related to artificial weight gain with commercial purposes. In this 176 context, the detection and determination of adulterated bovine meat samples by 177 attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR) can be 178 considered as a complementary technique to the official testing method. Five parameters 179 (protein, chloride, phosphate, sodium and ash contents) are determined (Nunes, 180 Andrade, Santos Filho, Lasmar, & Sena, 2016). In fact, partial least squares-181 discriminant analysis (PLS-DA) was used to classify samples by merging physico-182 chemical parameters and FTIR spectra. The FTIR vibrations of aggregated β-sheets of 183 proteins (specific band at 1690 cm −1 ) were associated to the effect of the addition of 184 sodium chloride to meat, since it could produce changes in proteins conformation. 185
These results were applied to the study of a real case in Brazil resulting in a low cost, 186 rapid, simple, and non-destructive technique. 187
It has been stated that the addition of salt to meat products produces changes in the 188 secondary structure of the proteins, modifying the values obtained by FTIR regarding 189 the amide I region, specifically due to the variation in the C=O stretching band (Perisic, 190 Afseth modification on up to 70% of the analysed products based on a cytochrome c oxidase 250 subunit 1 segment (COI) obtained by PCR. As indicated in Table 2 , advances in PCR-251 based techniques stand out for their selectivity and effectiveness in detecting frauds in 252 seafood labelling (Mazzeo & Siciliano, 2016) . 253
Finally, handling of fish can become a significant problem since some seafood 254 distributors inject substances (hydrocolloids or saline solutions) into the head and belly 255 of crustaceans to improve weight and market prize with similar colour appearance and 256 fresh look than unadulterated crustaceans (Li, Li, & Zhang, 2018) . A recent study 257 reporting adulteration in small yellow croakers by injecting an edible-gluten solution 258 has been published (Zang, et al., 2017) . Authors reported that low field 1 H NMR 259 spectroscopy allows the determination of adulterated samples with a carrageen solution. 260 261
Dairy food products 262
Dairy products have high nutritional value as well as global production and 263 consumption, either as raw milk or lacteous derivatives, make them highly susceptible 264 to frauds (King, et al., 2017) . The worldwide production of milk has increased from 265 624,282 to 657,671 million tonnes between 2013 and 2015 being the European Union 266 the main producer followed by India, United States, China and Pakistan (OECD/FAO, 267 2016). A continuous growth of the dairy market is expected up to 2025, with annual 268 increases of 2.0% for skim milk powder, 2.1% for whole milk powder, while butter and 269 cheese production will increase at 1.7% and 1.4% yearly rate respectively. 270 Some issues on dairy products authentication were recently reported since the 271 presence of substances different from those declared in label is a serious concern for 272 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT producers and consumers. Analytical methods for testing authenticity in dairy products 273 include the analysis of ingredients and determination of geographical origin, as detailed 274
in Table 3 . (Nascimento, Santos, Pereira-Filho, & Rocha, 2017). 275
276 Table 3  277  278 The most hazardous fraud practice in dairy products is based on the increase of the 279 protein fraction by addition of harmful nitrogenous melamine compounds. Indeed, the 280 adulteration of spreadable cheeses with starch was also detected by using bands at 2880, 302 1750, 1650, 1440 and 477 cm -1 as predictors (de Sá Oliveira, de Souza Callegaro, 303
Stephani, Almeida, & de Oliveira, 2016). Raman spectroscopy has been widely used in 304 combination with PCA and linear discriminant analysis (LDA) to determine the origin 305 of dairy products by the determination of specific ingredients (Table 3) . allowed to obtain high correlation coefficients, resulting in an advantageous 327 methodology to detect different whey fractions in milk. 328
Authentication of milk of animal origin by the determination of specific fatty acids 329 has been widely studied. The determination of specific ingredients from vegetable oils 330 (coconut, soybean, palm, sunflower, peanut or groundnut) and animal fats from cow 331 tallow or pork lard in different milk compositions has been recently reported (Trbović, 332 Petronijević, & Dordević, 2017). GC can be applied in combination with PCA to 333 determine milk composition and label statements with classification models based on 334 fatty acids concentration as predictors (Table 3) . 335
Inductively coupled plasma-mass spectrometry (ICP-MS) is a robust analytical 336 technique to obtain useful information of samples composition without using 337 complicated pre-treatments and providing accurate data based on mineral and trace 338 elements. Table 3 
Nuts and products 418
According to the more recent data by the International Nut and Dried Fruit (INC, 419 2017), the worldwide production of nuts has risen from 2.8 to approximately 4.2 million 420 tonnes throughout the last decade. In the 2016/17 season, USA has been the major tree 421 nut producer with a 41% share of the worldwide production. However, nuts should be 422 considered as highly exposed to fraud practices since they can be relabelled with old or 423 The pistachio global production reached 760,000 tonnes in 2016 with a production 463 focused on the USA followed by Iran and Turkey, that all together accounted for 94% 464 of the world production (INC, 2017). Sensory analysis of nuts has gained importance as 465 a valuable tool that allows the cultivar differentiation (Olsen, 2015) . In fact, the sensory 466 Frauds in animal and vegetable food products with high fat content (including 501 meat, fish, seafood, dairy products, vegetable oils, nuts and seeds) have increased in the 502 last years becoming a serious concern for the food industry and consumers. This review 503 has focused on the presentation of the most innovative studies in this context, where 504 target and non-target analytical techniques combined with multivariate analysis have 505 shown their potential in the authentication of food products with high fat content. 506
Chromatography and DNA-based techniques have been used in combination with 507 multivariate analysis, allowing the successful and simultaneous determination of 508 multiple analytes with high accuracy, selectivity and sensitivity, resulting in a very 509 powerful tool for authentication studies in food. Spectroscopy techniques are also useful 510 for such purpose being mainly used to evaluate the geographical origin of specific food. 511 These techniques are characterized by being fast, low-cost and, in most cases, non-512 destructive, so they could be easily implemented by industries in the next future. 513
Research efforts in this area should go on since there are still some points to refine, such 514 as the validation and scaling-up of all these methodologies. In addition, more efforts are 515 necessary to address the development of portable instruments to implement these 516 sophisticated authenticity tools in the routine analysis in the food industry. (Song, et al., 2017) Abbreviations: Ultra-high-pressure liquid chromatography-MS-MS (UHPLC-MS-MS). 869 
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Highlights:
-Authentication of fat food products are a crucial issue for processing industries and consumers.
-Current protocols for the detection of fat food frauds are summarized.
-Chromatography-mass spectrometry methods are used to detect fat food frauds.
-Spectroscopic techniques are also proposed for the detection of fat food frauds.
-Multivariate analysis is used to identify the authenticity of fat food products.
